Sixteen patients were studied to determine if naloxone could be shown to affect general anaesthesia with halothane and oxygen or nitrous oxide and oxygen with halothane. Changes in blood pressure, pulse rate, eleelroencephalogram and evidence of physical response were observed. The end-tidal halothane and carbon dioxide were controlled. The temperature and blood gases were held constant, as was the degree of neuromuscular blockade. Naloxone 1.2rag was administered during general anaesthesia with either halothane in oxygen or halothane with nitrous oxide to 16 patients who were premedicated without a narcotic. No significant responses were recorded.
The discovery of endogenous opiate-like substances (enkephalins) and specific opiate receptors in the brain TM has led to interesting speculation concerning their role in the production of analgesia. ~ Naloxone, a specific narcotic antagonist, has been shown to enhance clinical pain s as well as to decrease analgesia associated with acunpuncture and electrical stimulation of the periaqueductal grey areas in the brain. 6'7 In mice analgesia produced by nitrous oxide has been decreased by naloxone, and its administration in the rat during general anaesthesia with halothane, cyclopropane and enflurane resulted in increased somatic response to painful stimulus. 8 .~
In view of these findings it was decided to investigate the effect of naloxone on patients anaesthetized with halothane, and with halothane and nitrous oxide mixture.
METHOD
Sixteen female patients with ages ranging from 24 to 57 years were studied. All were A.S.A. Class I, scheduled for abdominal hysterectomy. Informed consent was obtained preoperatively. None were in pain preoperatively nor were they receiving preoperative analgesia.
The first eight patients were given halothaneoxygen anaesthesia, the next eight patients received halothane, oxygen and 60 per cent nitrous oxide. Before induction of anaesthesia an electroencephalogram was recorded from four quadrants on a Beckman Superacutrace. Monitoring was by means of a sphygmomamometer, electrocardioscope, oral temperature probe and a peripheral nerve stimulator over the ulnar nerve. End-tidal halothane and carbon dioxide concentrations were monitored continuously on a Beckman infrared analyzer.
Induction was with thiopentone 5 rag-kg -~ and treacheal intubation was facilitated by succinylcholine 1 rag-kg -~ .
When the blood pressure, heart rate, end-tidal halothane and carbon dioxide concentrations had remained unchanged for 15 minutes and there was no response to surgical stimulus, a tenminute control period was started. The end-tidal halothane concentrations at which the study was done were those which obtunded response to surgical stimuli of each individual patient. During this time the end-tidal halothane and carbon dioxide were held constant. The blood pressure and heart rate were recorded every two minutes. The electroencephalogram was recorded and the ulnar nerve was stimulated by a two-second tetanic burst at maximum voltage setting. The temperature was noted and the absence of evidence of inadequate anaesthesia such as sweating or grimacing was noted.
At the end of this ten-minute control period naloxone 1.2mg was injected rapidly intravenously. Over the next ten minutes the end tidal halothane and carbon dioxide levels were monitored continuously and again held constant. Temperature, electroencephalogram and re-29 
RESULTS
No patient receiving either halothane or halothane-nitrous oxide showed any evidence of a decreased anaesthetic level following naloxone. Table I shows mean values for blood pressure and pulse rate before and after naloxone administration. These were arrived at by averaging the blood pressure and pulse rate over the 10-minute pre-naloxone control period and for l0 minutes after naloxone.
A paired t-test revealed no significant difference between the pre-and post-naloxone values.
An example of an electroencephalogram recorded before a surgical anaesthetic level was reached is shown in Figure 1 No lacrimation, eye movements, sweating, or grimacing were noted in either the control or post-naloxone periods.
The temperature, end-tidal halothane and end-tidal oxygen concentrations also remained constant for the control and post-naloxone periods.
DISCUSSION
No evidence of changing depth in halothane, or halothane/nitrous oxide general anaesthesia was found in our patients after they had received naloxone 1.2mg intravenously. The end-tidal concentration for each patient was held at the minimal level sufficient to obtund response to surgical stimulus. The use of a fixed MAC concentration of halothane (a population concept), is inappropriate to this study since at this concentration one-half of the patients would be responding to surgical stimulation.
This lack of effect contrasts with experiments in which an increased response to tail squeeze was reported in rats anaesthetized with halothane, cyclopropane and enflurane, as well as experiments in mice which indicated reversal of nitrous oxide analgesia when naloxone was given. 8'~ In man, naloxone has been shown in some studies not to alter pain thresholds. ~ ~ However, in a recent study of dental patients, naloxone has been shown to enhance clinical pain. ~ Furthermore, naloxone has been shown to decrease acupuncture produced analgesia as well as analgesia produced by direct brain stimulation. 6,7
Many possible reasons exist for the apparent variation in experimental results. First, the majority of the previous studies have measured changes occurring in the degree of analgesia, but the state of general anaesthesia is very different. The dosage used in animal experiments is much higher than that used in this study. It is difficult to extrapolate dosage from rat to man; however, corresponding doses of naloxone for reduction of analgesia induced by direct electrical stimulation of the brain are 1 mg. kg -~ in the rat and a total of 0.2rag in man. 7'': Also, the respiratory cardiovascular and central nervous system depression induced by morphine in a dosage of 1.5mg-kg -t in man, has been shown to be reversed by a dosage of naloxone of 5 pg. kg-'. ,3 Additionally, 0.8 mg of halo• has been shown to decrease acupuncture-induced analgesia in man. ~ For these reasons the dose recommended as a maximum in the treatment of respiratory depression, or a total of 1.2 mg was felt to be adequate to reveal any major role enkephalins might play in halothane and halothane-nitrous oxide anaesthesia.
The depth of anaesthesia chosen was surgical anaesthesia. An inverse relationship between mean arterial pressure and increasing MAC levels of both halothane and halothane-nitrous oxide anaesthesia has been demonstrated to occur during the first hour of anaesthesia, a period in which our measurements were made. , 4 The electroencephalogram patterns were consistent with light surgical anesthesia '~ during all periods of control and naloxone administration.
Recent work in rats '5 and dogs h6 has shown no evidence of naloxone reversal of general anaesthesia. Our study in man also found no evidence of naloxone reversal during general anaesthesia with halothane, or halothane and nitrous oxide.
